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BACKGROUND OF THE INVENTION 
This invention relates to fluoropoiymcrs and more 

panicdariy io curable poiyfluoro prepolymtrs. 
Fluoropoiymers arc used as binders in high-density I 

explosives and propellants and in energetic composi- 
tions requiring a high degree of therma stabiKty. For 
exampie, fluo~opolymers are used extensively in such 
compositions which are pressed. However, very few 
fluoropoiymers exist which have functional grouts 
such as hydroxy which are suitabie for curing and t&s 
can be used as binders in castable or extrudabie camp+ 
sitions. Two known exampies of such polymers are the 
fluoropolyethers FC2202 and L9019 made by the 3M 
Company. While useful for sumt purposes, these poiy- 
men are expensive and completely fluorinated. The 
ab=nce of hydrugcn limits the compatibility of these 
polymers with conventional plasticizers, curing agents, 
and other polymers. 

SUMMARY OF THE INVENTION 
Accordingly, a object of this invention is to pruvidc a 

neui curable polyfluuro prepalymer. 
Another object of this invention is to provide a new 

curable polyfluofo prepolymcr which is miscible with 
conventional plasticizers, curing agents, and other poly- 

,P mersg A funher object of this inventian is to pruvide a 
curable polyfluoro prepolymer which may be used to 
provide a binder in castable or cxtrudable composites. 

Sti.II another object of this invention is to provide ark 
energetic, curable prepolymer fur use in a binder in 
castable or exrrudabie txpiosive or propellant composi- 
tions. 

These and other objects of this invention are accom- 
plished by providing i 2,4,4,5.5,6,6-heptafluoro-f-trio 
nuoromcthyi-3loxaheptantg 1,7-dioi polyfonnai, 
WOCHICF~CF~CF~~CFICF~)CH~~[C- 

HzOCWzCF:CF:!CF~QCF(CF3)CH2U].H, 
wherein n > 1, 45 
w hit h is prepared by reacting 2,4,4,5,5 l 6, liwheptafluoro- 
2-tnfluoromerhyl-3-oxah~~t~eg I ,Tdiol with formalde- 
hyde in SO-90% sulfuric acid. 

DETAILED DSCRIPTION OF THE 
PREFERRED EMBODIMENT 

2.3.4.5,5.6.6LHeprafuoro-2-trifluoromethyl-3- 
oxaheptane- 1,7-dial poiyiormal, 
HOCH2CF2CF?CF20CF(CF~~CH2~[C~ 

H~OCHICF~CF~CF~~~~~~~~C~~Q]~HI cz s I r’ 
is a thermallv stabie, hydraxy-terminated polymer 
which is suitable for use in binders for energetic txplo- 
sive and propellant compositions. The polymer prefera- 
blv have a number average molecular weight of from 
i.kKl to i0.W and more kferabiv from Z&O to soo0. 64 
In the number average m&cular kieht range of Zoo0 
(0 aoo. Z.~.i.S.5.6:6-hepra~~u~ro-2-rrifluoromer-~- 

If- 
oxaheptane- 1 JdioI polyformal. is a viscous oil having a 
density of about i.73 sicmj. 

!n sddirior. to beq soiuMe ~TI high!y rluorinated and 25 
perfluoronated solvents. ‘.~.-F.5.5.Ij.6-heptat‘luoro-2-tn- 
iluoromethvl-3-oxaheptane- 1 .T-tfioi polyformal is soiu- 
Sic :n non-iluonnated organic solvents and compounds. 

2 
For example. this polymer is solu~lc in ether, tetrahv- 
drofuran, bis(Z-nuoro-2,~-dinitroerhvl)formal ( FEFdA 
7 7 Qrjfluoroethoxy bis(2-fluoro-?.~~dinitroerhoxy)me- I*l*L 
thane (triflt.mroethoxy~FEFQ). This soiubility property 
provide flexibility in formuIating binder cumuosirions 
and it also makes 2.4,4,g,5.6.6-heptaiu~ro-2-tri- 
fluoromethyl-3-oxaheptanel1 ,‘l-diai poiyformal usefui 
as a block for preparing block-copoiymers with non- 
fluorinated polymers such as polyethylene glycoi or 
poIy(4.edinitrobeptane- 1.4-dioll. 2,4,4.5,5.6,6-hepta- 
fluoro-t-trifluoromerhy~-~~x~e~t~e- I,?dial polvfor- 
md is dihytiroxy-terminated and may be cured by-con- 
ventional me= such a5 commercially availabie poiy- 
isucyanatcs. 

2,3,4,5,5,6,S-heptafluor~2~t~~~orometh~~~~~~ahe~- 
tane- l,?diol polyfumai can be prepared in approxi- 
mately 75 percent yieid by reacring 2,+4.5,5.6,6-hepta- 
fluoro-2-trifluoromerhyl-j-oxahebtane- C-did with 

formaldehyde and 80-90 per& (W/w) sulfuric acid 
as described in examples 1 and 2. The moiecuiar weight 
of the polymer product can be controlled by adjLcsting 
the dial to formaldehyde ratio, the momi and concen- 
tration of sulfuric acid used, and the quantity of organic 
solvent present during the reaction. 

The gmcrai nature of the invention having been set 
forth. the following exampies arc presented as specific 
illustrations thereof. It will be understood that the in- 
vention is not limit& to these specific examples but is 
suscepribIe to vtious modifications that wiil be recog- 
nized by une of ordinaq skill in the arr. 

EXAMPLE 1 2,4,4,5,5,6,6,-Hetafluuro-2 
-trifluoromethyl-3loxaheptanea 1.7Ldiol poiyformal 
In a IL 341&c flask 146.1 g (U.345 mole) of 

2,~,4,5,5,6,6-heptanuoro-2-trinuormerhyi-3-oxahep- 
tane-1.7diol and 90.0 mt of 80 percent (w/w) lJzS0~ 
were mixed under a AN2 blanket until homogeneous. The 
mixture was cooled in an ice-bath and 117 mL uf dry 
dichloramethane was added. To the vigorousIy stirred 
mixture, a solution of 10.8 g (0.360 mol) of paraformal- 
d&de in 63 mt 90 percent sulfuric acid (Wwj was 
add& with continued cooling, and rhen the mixture was 
stirred for 20 hours at room temperature. The reaction 
mixture was poured over ice. 900 mt of ether and 90 
mL of 30 percent I3202 was added, and the mixture was 
stirred vigorously for one hour. Tfie organic layer was 
washed thoroughly with 675 mt of 5 percent aqueous 
KOH’45 mL of 30 percent H$Jz then with 675 mt of 
brine. After drying (CaSOa). the solution was filtered 
through a medium porosity sinte@ass funnel and freed 
of solvents in vacua. The resulting polymer was heated 
overnight at 120” C., cokcting voiatiles in a trap im 
metscd in an acetone-dry-ice barb. The yield of 
2,~.?r.5.5.6.6-heptafluoro-2-tnrluoromet~~io~-oxa~eo- 
tam- Gdiol poiyformal polymer was I 13 g (74.k.). 
h -2770: ,M,=5147: M,/M,- i.56. The dry-ice trap 
cmrained 35.7 g of mostly unreacted ifiol; ‘3ased an 
reacted dial. the polymer yieid was 98 percent. 

EXAMPLE 1 
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g parafor&dehyde in 3.3 mL of 90 percent sulfuric 
acid was added dropwise. The mixture was allowed 10 
warm to rim temperature and was sfirrcd for 20 hours 
at room temperature. The reaction tixture was 
quenched on ice, 60 mL of 30 percmt H$lz were added 5 
and the whole was stirred vigorously for 1 hour. The 
organic phase was separated and washed with 35 mL of 
5 percent aqueous KOH and 3 mL of X percent Hz@, 
then with 45 mL of brine. The polymer solution was 
dried over 4 A mokcuiar sieves and was passed through 10 
a short column (2”X 1”) of Silica gel. .4ftcr removal of 
the solvent, tk polymer was heated 8 hours ar: 130’ 
C./O.5 tm to remove valatiks. Obtained was 7.76 g of 
2,4,4,5,5,6,~~eptaf~~r~2~~~~u~rurnet~y~~3~~e~g 
tam- 1,7diol polyformal (76.8 percent). M, = 3 174; 15 
AM,= 5490; l MJMn= t .73. 2.4 g of volatile material was 
cokted during heating; this was mostiy unreacted 
2,4,4,5,j,6,~hep~~uoro-2-trif7uoromet~yl-3-oxahep- 
ram- z ,7diol. 

The 2,4,4,j,5,6,~heptafiuorogZ-trifluuf4Methyl- 20 
oxaheptanc-1Jdiol used in this invention is available 
from the 3M Corporation, St. Paul, Minnesota which 
produces it on a semicommercial basis using a propri- 
etary process. 

EXAMPLE 3 
25 

3qaheptam 1,7diol polyformal prepared in exampk 2 
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4 
was mixed with I g of Fluorolube and the mixture was 
warmed until homogeneous. Then 0.108 g of isopho- 
rune diisocyanate (IPDI, equiv. WI. 111) and 0.072 3 
isophoront diisocyanate [timer iMX-T, equiv. wt. 
294) were added and the mixture was stirred until ho- 
mogeneous. The mixture was rhen depssed for 30 min- 
utes at 60’ C. under ~*acuum. Curing was achieved with- 
out a catalyst by heating to 60’ C. far one week. A 
gumsrock with excellent elongation and strong adhesive 
properties was obtained. 

Obviously numerous modifications and variations oi 
the present invention are possible in Iight of the above 
teachings. It is therefore to be understood thar: within 
the scope of the appended claims the invention may be 
practiced othenvise than as specifically described 
fiercin. 

War is claimed as new and desired to be secured by 
Lttten Patent af the United States is: 

I. 2,4,4,5,5,6,6ahepta~u~r~-2-~~~uur~mer~vlg3- 
oxakptztne- I ,‘i-diol polyformalc having the form& 
HOCH2CF~CF:CF$3CF(CF~)CH~0[C- 

f320CH2CF2CF::CFzUCF(CF~ jCHzO],H, 
wherein n > 1, having a number average moiecular 
weigbt of from about 1500 to about lO.ooO. 

2. The polyformal of claim 1 having a number aver- 
age mokular weight of from 2Qoo to 3ooo- 
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